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ARPERE NREMEXREMLE e - IMLES
ERH AgLCYE MR fESRIED
ZE L WO O, B, BELE

(R RN R Z 2B, Et e SRR F K E s =, R R X 2 Y L2 5 R m G ) 5 5
IR, A 210095)

B E. FinLE e - (lycopene epsilon cyclase, LCYE) &% N A Bk ia 10 e gl .
N CEERSE T TR IRIR T LI & - ML N AgLCYE. FPHI M85 R BN, AgLCYE 5 141590
bp MITFIRBIHE, hd 529 NEEMR . FHRIRITHZ ELNEY, MMy LCYE FUEH: A
77.68%, AgLCYE Fl[Fl @ TERHAHHE b LCYE S 751 [R5 =ik 98.07%. AgLCYE & [H 54 b
LCYE S b e Rigili. AgLCYE )@ Tk RS, T8 AR =R ai i h A 9 A o IBIEFR 18
AN BHTE. TP e REW], AgLCYE Sl 7514 4 DN J)vfiX k. F UPLC J7ist 30,
45 A1 60 d & gt B R o - S MRS EAEATIE, 30 d NI RS R, 45 d IRAK, 45
60 d WIERFEIEZ S, MR T s R S R T . SR R IR T AR I E] o - S S
RIAFAE. e ERIB I g R woR, BEA KN, mRh AgLCYE HIAHXS RIE g #i T
T 38 T PARAG

KEIR: PG KWW N B E e - IMUBEIER; M3 o - MR
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Cloning and Expression Profiles Analysis of Carotenoid Biosynthesis
Related Gene AgLCYE from Celery
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Abstract: Celery (Apium graveolens L.) is an important vegetable in Apiaceae family, with excellent
source of carotenoid. Lycopene epsilon cyclase is a key enzyme in the pathway of carotenoid biosynthesis.
Here, the AgLCYE gene encoding lycopene epsilon cyclase was cloned from 4. graveolens ‘ Jinnan Shiqin’ .
The sequences of AgLCYE gene contained an open reading frame with the length of 1 590 bp, which
encoded 529 amino acids. Multiple alignments of the AgLCYE amino acid sequences from celery and
other different plants showed a homology of 77.68%. The homology of LCYE was up to 98.07%
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between celery and carrot. Phylogenetic tree analysis showed that the LCYE proteins were conserved. The
physicochemical property analysis showed that AgLCYE belonged to hydrophilic protein. There were 9
alpha helices and 18 beta folds in the predicted tertiary structure of the protein. The results of disordered
analysis showed that the amino acid sequence of AgLCYE protein had four disorder regions. The contents
of lutein and a-carotene of celery leaves in different growth stages (30, 45, and 60 d) were determined by
UPLC. The peak of lutein content was detected at 30 d. The lowest content of lutein was observed in 45 d.
There was no significant difference between 45 d and 60 d. The lutein content in leaf blade was higher than
that in petiole of celery. The presences of a-carotene were not detected in leaf blade and petiole of celery,
respectively. The expression levels of AgLCYE gene in celery were detected by quantitative real-time PCR.
In leaf blade, the relative expression levels of AgLCYE gene increased gradually over the process of celery
growth and development. On the contrary, the relative expression levels of AgLCYE gene decreased in
petiole.

Keywords: celery; carotenoid; AgLCYE gene; lutein; a-carotene

AR, RS DR AR R A NE ABA 17T 1A (Polivka et al., 2004; Polivka
& Frank, 2010). K b m o] DA SACEER GBI R, RS IRT YA %2080
IR, [FIZ 56 AR (Nambara & Marion-Poll, 2005; Bowman & Simon, 2013). ZRiH%

N AR SO BE A, BT DAAETT DG N B2 AR B, S En e 2 I 2 1L,
s WE N g - S b E, BT R AL 5, 7755 B 3 355 (Hirschberg, 2001).
K D F L [ bR 2 AR A AR BRI Dh R MR DA ), fedule . PiaEe s 7 A LM EH
(Prabhala et al., 20100, It4h, KHZ hFREZ M EHMEEGASR, RAMREWEOMGE
(Blumberg, 1995),

T2l 2% e - /U (lycopene epsilon cyclase, LCYE) ZJSHHE b E & ke i s, it
WAL R —ui I e 2R, A6 -3 M&E, MG a -2 M ERMEE . LCYE SR
IEACPAE— R E LS RPT a/p - T MR EAAOC (Harjes et al., 2008). TSR, 3
I b LCYE S RRIAACHR R, MR B RN HE (Clotault et al., 2008). {E# i Delta
RARRT, LCYE JEPR K s, FECREMBREN 6 -#H% bE (Ronen etal.,, 1999).
fESEY, LCYE bRy SRR In T HARA T ah 40 2= A2 1 e FR )35 (Cunningham & Gantt,
200100 2K leyb RARAA T LCYE WGP B3G a8, RFL =4 T REMARRHE bR, We-
4 NFEFNES B RS (Baietal., 2009).

2% (Apium graveolens L.) & SRS NE. BIRGEAE R, FRRE (4% 4%, 2016; HE
& 4%, 2017; Lietal, 2018). HHITFRP ST RAE bR G BOCHIE R FHREMN B BL 3t
MR IR R, W cDNA 1 og BESRAG STkt B 4L R e - MALBRII LN AgLCYE, FFXT
AT 5 4387 o JTE I S SR AT (41535 (Ultra Performance Liquid Chromatography, UPLC) XA
[ A IS S S i e ) o - 35 D ORI B R 3 BT T IlE, JTHISEIN %€ i PCR (quantitative
real-time PCR, RT-qPCR) 737 T AgLCYE {EAN [ A A I H Ko AN TR IR R AT, Ak — 2R
MR RN e - IMUBEAERIAE bR AW S b D Re e At LAl .
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QY ViR SRS DARES

1.1 MR RAE

3 CHER ST BTl R R R S S TR R SIAE 5 A 5 R ST [ K T SR R AT
2017 4 2 R FIRA Tz e i Sy AR K, THERAEKET B 30, 45 F1 60 d I, IEHUEK
BRI, BYROT R RN Ay, AV S AR, RAE T - 80 CUKAH, A THREA
RNA Rl e 55 5 ) cDNA.

K BRI PE DHS o FH ARSI % R AF o WKL 244 pMD19-T Vector. DNA 43 - f& marker. Ex Tag
DNA ¥4 Prime Script RT reagent Kit Il SYBR Premix Ex Taq i) & 550 FAEY TR (K&
B2 ] i . RNA simple Total RNA Kit FHRMEMERHE (Ibat) ARA R, DNA HEl
WA T HUONGERR S AT . M ER (L = 90%) Ak sl T L AR A R A\ ([
WD, o - W8 MR (L = 95%) FRifkdh Il TARDBAi 2y Tkl ostt CHAKEO.

1.2 A3 AgLCYE Hi5=f&

FRAE A 5256 5 58 0 TS s M BRI (Jia et al., 2015), W RPHERTS AgLCYE F4). R
P53 AgLCYE J¥41, W] Primer Premier 6.0 il —XI514 (AgLCYE-F: 5-ATGGAGACGTACTG
CATCGGAGGC-3'; AgLCYE-R: 5-CTAGACCGTTAGATATGTTCTTACC-3',), HilH GBI EW
BHEAAR A AR BL RS cDNA BT PCR §74%. PCR JRNAAZ A 20 pL: ¢cDNA

(2.5ng-pL™") 1L, Ex Tag DNA 348 10 uL, 51448 1 ul, ddH,O 7 L. A A: 94 C
ASE 5 min; 94 CAPE 30s, 54 CiBk 30s, 72 CHEAH 120, F£ 30 MEHF; 72 “CHEH 10 min.
BN 1.5% B IR &L Ik 73 B J5, VIS . K H DNA &K [RIBGR R ST (2 4 [T =43
$3) pMD19-T # 4k _E I EAL3)K AT 1 Bk DHSa H, $RBUFRIZ: PCR %8 )5, M4t
YIRS AT B 7 58 e e o
1.3 EYERFESN

1. NCBI ##fs 2 3E4T BLAST, 3R1FEHE N EHARWY R b AL ¢ - BB LR 741,
FIF DNAMAN 5.0 47X 73471, AgLCYE & FSR/E/KYE . FIEZ T A (SMS) (http:
//www. bio-soft.net/sms) Fll ExPASy-ProtParam Chttp: //web.expasy.org/protparam) 73 #72 ZEMR (11 B 4L
P 5t (Gasteiger et al., 2003; Harrison & Bagajewicz, 2015). H} MEGA 6.0 H[1] Neighbor-Joining
AR RS R G A (Tamura et al., 2013). FJA] FoldIndex #2/7ll ¢ AgLCYE & [ [ JC P 4FAE

(Jaime et al., 2005). FJH Swiss-Model Chttp: //www.Swissmodel.expasy.org) 144 AgLCYE &
JR = 4ERIRER (Arnold et al., 2006).

14 AFRMHAPEBE NMEMRFISEHNE

MRS (2013) F Ma 58 (2017) IJ735, 2030, 45 f160d “HERgST Hm Fy Al
W, R EERE TR R ERI SRS ARV R TN U ATV Ui, FREURE S, FH ISR SR IS A 2
MEo KHRIGEH 0.45 pm JEMS RS A, W R ABAR B % (Waters, JE[ED BT MER
SRR, UPLC #JA:%Y: UPLC BEH C18 (2.1 mm x 100 mm, 1.7 um; Waters, ZE[H), il
Ko 450 nm, VEEIAH N 2 B =901, YidE: 025mL-min”, EREFEE: 30 C. WE 3 KEH.,
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1.5 AgLCYE BYFREHR

] RNA simple Total RNA Kit &t RNA $#2 U S U 58 RNA, 485 H] Prime Script RT
reagent Kit 1 71 EoKHHR B RNA 8 5% B cDNA L S22 52 # PCR F 4l CEX96™ real-time PCR
system (Bio-Rad, E[H). Jfr3¢ TUB-B ZEHNE NS EEA (Li et al,, 2016). H5#4 F: 5-TGG
TGGCACTGGATCTGGTATGG-3'; R: 5-ACTTTCGGAGGAGGGAAGACTGAA-3'. HrrFER1)5]
Y}y BDAgLCYE-F : 5-TTTATCATAGCACCTCACCACTTG-3' ; BDALCYE-R : 5-GACCGT
TAGATATGTTCTTACCA-3's SI¥HH CBRMD AR R A A A K. FMEEWE 3 ANMEY
A, R 2T AT A R (Paffl, 2001).

2 HiR50H

21 FIHEEMBEMLE ¢ - IMUEEE R AgLCYE B fE

LA SHERSET A cDNA HREHR, F 514 AgLCYE-F Fl AgLCYE-R 34T PCR ¥4, K15
T 1 500 bp AT W B G FEE R (B 1) B8, AgLCYE &4 141 590 bp T
BEAE (open reading frame, ORF), #ifi 529 MR .

1 atggagacgtactgcatcggaggecggaacttcataacaatggeggegttttegacgtgtecgacgtggaggeggecgagaaggaagaga
METYCIGGRNTPFTITMAAFSTCPTT WRRPRTR RIEKTR R
91 ct tgtgaagat tggt tgaattgagatgtgtgaaggagagtgtaaggtgtettecggttgttgaagat
LRRNVKMSSGRKSELRCYVKESVRCVYAVVYVETD
181 =sgaggagttcgctgatgaagaggattttgttaaaggcggtggcteggagatgttgtttgttcaaatgecagaggaataaggetatggagagt
EEFADEEDTFVEKGGGSEMLTFVQMQRNEKAMES
271 cagtctaggctttctagtgaattgecgeggatacctattagecaatattttattggatttggtggttattggatgtggtectgetggactt
Q SRLSSELPRTIPTISNTILLDLVYVVYIGCGPAGL
361 sgctettgetgeagaatcagetaagettggtetaagagtegggettattgggecagatettecectttacaaataattatggegtetgggag
ALAAESAKLGLRYVYGLTIGPDLPFTNNYG GV VWE
451 egatgaatttatagatcttggacttgaagggtgtattgageatgtttggcgggatactattgtgtatcttgatgatggtgatectattatg
DEFIDLGLEGCTIEHVWRDTTIVYLDDGDPTIM
541 attgggcgtgettatggaagagttagtegteatttgettecatgaagagttecttaagaggegtegtegagteaggtgttttgtatettage
I GRAYGRVSRHLLHEELLI KRRYVESGVLYTLS
631 tcaaaagttgagaagattatcgaagctggagatggecatagectagtegagtgtgaaaacaatattgteattgeatgeaggettgetact
S KVEZKTITIEAGDG GH SLVECENNTIVIACRLAT

721 sgttgcatccggageagettetggaaaacttetgeagtatgaggttggeget ttteegt ttatggtgttgaggte
VASGAASGKLLQYEVGGPRVYVYSVQTAYGVEYV
811 gaggtge: tecatat ttgatggttttcatggatt tt tttctggeatggaggea

EVENNPYDPSLMYVFMDYRDYTI KA QEKVSGMEA

001 sgaatatccaacgtttctttatgtgatgeccacgtccecgacaaggattttetttgaggaaacatgtttggettcaaaagatgegatgeea
EYPTPFLYVMPTS SPTRTITFFETETT CLASTIKTDAMP

991 tttgatctactgaagaaaaaactcatgtcaagattacagacattgggaatccgagtttecatgacatacgaagaggaatggtettatata
FDLLKKIEKLMSRLQTLGIRVYVSMTYEEET WS STYI

1081 cctgttgggggatctttacctaataccgageaaaaaaaccttgeatttggtgcaget tggtgeat tggetatteg
PVGGSLPNTEA QKNLAFGAAASMYVYHPATGYS

1171 sttgtcagatctttgtcagaggecccaaattacgeggeegtaattgecaaacattttaaaaagtggtcagatcaatggaatgattagtegt
VVRSLSEAPNYAAVIANILIEKSGQINGMTISTR

1261 ggaagatat tctcaat ttggaagaccttgtggeet ggaaacgt ttetttetgtttgga
GRYTENTISMQAVWIKTLWPOQERIEKTRQRATFTFLTFG
1351 ctagcactcgttctacagctggatattgatggcataaggacattett, tttttteegett tggatgtggeagggattt

LALVLQLDTIDGIRTFFQTTFFRLPTUWMWAOQGTF
1441 cttggttettetetetectecagtegaccttgtactatttgecttttatatgtttatcatagecacetecaccacttgagaatgteeccttgta

L6GSSLSSVDLVLFAFYMPFTITIAPHHLTRMSLY
1531 agacatctcctttctgatcctacaggagcaacaatggtaagaacatatctaacggtetag

RHLLSDPTGATMVRTYLTV %

1 73R AgLCYE WMEZFEERFHI R HmmDm S BB 51

Fig. 1 Nucleotide acids and deduced amino acids sequences of AgLCYE from celery
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22 EBEMLR ¢ - MMEBERIERF I LLXT 247

P ET ML R e - MUBFEILR I SIS N (Daucus carota). Ji75%i (Tagetes erecta)
¥ (Nicotiana tabacum)~ H*# (Ipomoea batatas)~ ¥Fd 7+ (Arabidopsis thaliana) K37 (Glycine max)-
WK (Cucumis sativus) ¥ (Citrus sinensis)~ WA (Jatropha curcas). ¥WAKZ% (Abelmoschus
esculentus) T ER e - IMUBEER 2 BER P VIHEAT IO, S50 (K 2) RWHXLEHRMLALER ¢ -
EFE LR T AU R R YE K 77.68%, Ferp s MBS b LCYE M7 41K 5T ik 98.07%.

1 . .GRNFITMARFSTCPTHR. ..RPRRERLRR.NVEMSSG........... RKSELRCVKESVR. . . CVAVVEDEEFAD] 67
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8 .......MECMGLTARNEAAMBASYTSNLPSTGTRRLRLLCR. . .TESLQFRLRRE. . .SVEVMASAGS..... ESCIAVREGEAD! 70
........ MEYYCLG. .ARNEABMAVSPFETGRE . RRKALRVKTKQSAVDCNES. ... ........SYKVIARATSNNAGSESCVAVKE. . . . .| 67

10 cevineenn. MECIG..ARNFARTTVFSFPTGRT .RRRILRTSKHVGISEKRSR. .c.uvenne.n LYQVRASSAG. . . . SESCVAIKEEYAD! 66
11 MFLLAPKVMVMESVG..BRNERA...MBVPTCAS.WRRSLIRTRABIPSHHRFI............ SLKVRASGTS. . . . SESCVAVKEDEAD 73
BEM: 37 'VVIGCGPAGLAL: iGEDLEFTNNYGVWEDE. 157
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SEL iGPDLPETNNYGVHEDE 160

EL IGEDLPFTNNYGVWEDE: 160

QL IGPDLPFTNNYGVHEDE 157

1 SEL IGPDLPETNNYGVWEDE. 156
1 SEL iGPDLEFTNNYGVWEDE; 163
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B2 AFXS5HMYTH LCYE SERFIINES Lt
Lo 73 2: WA by 3 T3 4 R 50 HE: 6 BIMIT: 7 K& 8: TR 9: M 10: BRKUR; 11: THEKEE.
Fig.2 The alignment of amino acid sequences of LCYE from celery and other different plants
1: Apium graveolens; 2: Daucus carota; 3: Tagetes erecta; 4: Nicotiana tabacum; 5: Ipomoea batatas; 6: Arabidopsis thaliana;

7: Glycine max; 8: Cucumis sativus; 9: Citrus sinensis; 10: Jatropha curcas; 11: Abelmoschus esculentus.
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2.3 AgLCYE ZER# RO

R e - IMUER LR T A AL B A A g AT R4 8 AR o3 br, 1 — B4R 5T
AgLCYE EHAMBL X R, 458 (K 3) £, AgLCYE HALFEQIERHE N LCYE &A#E
R FR I, HxS5HRFR R, SRR, ZFFR, R .
{ HIIE Abelmoschus esculentus (APO14286.1) } B3ER) Malvaceac

[t ks Cossypium hirsutum (XP_ 016689856.1)

4:}131{))—(141%]” Jatropha curcas (XP_012076949.1) . ]

BRE Ricinus communis (XP_015571806.1) } KHiF} Euphorbiaceae
r FhiF Citrus maxima (AJT59425.1)
L 1 Citrus sinensis (XP_006475492.1)
# K Cucumis sativus (XP_004140072.1) —— #§75%} Cucurbitaceae
KH Glycine max (XP_003533775.1)
B Arachis duranensis (XP_015954684.1)

T Arabidopsis thaliana (AAB53336.1) —— 52768} Cruciferac

¥ batat: BAW34178.1

[ 3 Ipomoea batatas ) } HEAER} Convolvulaceae
#4:E Ipomoea nil (XP_019151287.1)

— MREL Nicotiana tabacum (AHAS58687.1)

e ) )

RS Lycium ruthenicum (AIX87524.1)
— HH Apium graveolens } TR Apiaceac
L A% N Daucus carota (NP_001316092.1)

E— [f] H2$ Helianthus annuus (OTG30058.1)
- T 5% Tagetes erecta (AAG10428.1)

} 2EFHBl Papaveraceae

} FH} Leguminosae

} 7B} Solanaceae

} #F} Asteraceae

—
0.02

3 AgLCYE BEHMRSGHLF
Fig.3 Phylogenetic tree of AGLCYE protein

2.4 LCYE fEBRAVIBLMERFNE/FKMED

AR KVE Y LCYE #5347 AL ME ORI s 2 20, 45 9L 36 1. LCYE & A et
FEHEALE 516 ~ 546 2 1), MIX /> THREAN (57 ~61 kD), LSS (pD) 5.71 ~7.87. MM ILRE
(AR AADRNBEIR) SRR (BFBER. WMERMAZER) & REAMAE, H12%
Fidio NEWiREFEIR & BAN R, N 23% 547 . S A RA IR & BA AR, N 10%4 4. BT
R e RTHZE T LCYE & A5 K (Grand average of hydrophobicity, GRAVY) 4 IE{H,

*1 FREMRERY LCYE EHREMBM NS RELERS T
Table 1 The comparison of composition and physical and chemical characterization of amino acid sequences of LCYE protein from

different plant species

Ko AR EL LR ARXS 4> T /D L IER LLB/%  Ratio of ‘amino aciq P oW

Plant Number of  Theoretical relative  pl iv4ié3 T NEWik J5% %  Grand average of
amino acid molecular mass Positive Negative Aliphatic Aromatic hydrophobicity

F3% Apium graveolens 529 59447.7 7.08 13 11 24 10 -0.044

W% N Daucus carota 530 59 552.9 7.09 13 11 23 10 -0.050

Ji75%i Tagetes erecta 516 57 365.4 6.30 11 10 22 10 -0.003

] H %% Helianthus annuus 535 59 745.2 7.87 12 10 22 10 -0.014

WU Nicotiana tabacum 523 58 665.9 7.12 13 11 23 10 -0.017

HIAC Lycium ruthenicum 523 58 538.7 7.03 12 11 23 10 -0.048

#44E Ipomoea nil 546 61 042.4 5.71 12 12 24 9 0.026

H® Ipomoea batatas 542 60 600.0 6.01 12 11 24 9 0.007

YUFIIT Arabidopsis thaliana 524 58 515.1 5.79 12 12 23 10 -0.103

K& Glycine max 532 59 450.6 7.51 13 11 23 10 -0.087

N Cucumis sativus 533 58 876.0 6.07 11 11 23 10 0.003
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JBE KR 12 A8, HAWY S fUE, Bk EE . 45 REVIA YA LCYE & A %5 B
JEAHAL .

ik DNAMAN 5.0 Xf /72 1) AgLCYE & [T 8/ K0, 45K, /7% AgLCYE
WA SEAKMEE A oK M B R AL B S 5 492 SRR R (Lew), HUCNEE 112 A58 (Val),
S R (A P A B 441 PR (Lys)s
2.5 73X AgLCYE ER LR FFI=REREWEITN

FIH FoldIndex 27X} /73 H" AgLCYE & H ML RAE AT E . 4R, AgLCYE &A%
TSR P AT S 4 NP, s —AN 52 ANEERA S K TP IX 3, 2
K% 551 ) METYCIGGRNFITMAAFSTCPTWRRPRRKRLRRNVKMSSGRKSELRCVKESV . g i —
LT R A RS R 45K, T8 Swiss-Model X /728 AgLCYE 85 (A 1) = 2 45 W04 T [ YA, T )
JK AgLCYE [ =R T 94> o BRIEF 18 4> g 4.

26 EXEHMEZIe-HE NENSENTE

T 1 S RO A AN A AR KT (304 45 FIT 60 &) VRERISET MR R R o - B
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Fig. 4 Determination of lutein and a-carotene of celery leaves in different growth stages by UPLC
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